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£3: Amddnfuwln‘mmmA
indicuted an averege thyroid dose of abowt
x.omuanshgnmmumzy-am.
Unfortwmtely, I had not been messured in ailk ew
ls Ar earlier testing. Nowever, thyroid deses
rom the earlier teats can he estimated crudely weing
air beta concentretions and published yiaslds (L
eed detomstions. The mmber of enpesed Vtah iafants
and their estimated average thyroid doses are listed
- for each year of Mevada testing:

|
f

41,000 3.8

1053 3,000 6.3

1955 %,000 2.0

1867 87,000 8.6

1958 8,000 1.8

1963 53,000 1.0
t. Goerp 0 L

discuseed n detail, beth to indioste hew sy sstimstes were mads, and to

peiat ocuwt how these estimates could de isproved with additiemml Gata. @aly
the I dese frem Novadn testing is cemsidered: the tetal dese ia
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somewhat larger due to the short-lived iodine isctoﬁes(l) and the 31

from Pacific and Russian tests.

13! is a Fission product formed in nuclear explosions. It and
other products are carried in the air deownwind from the point of detona-
trion. When this fallout settles on pastures, the exposed forage becomes

contaminated. 113]' appears in the milk of cattle ingesting Iu‘l in their

feed. If man drinks this radiocactive milk, I131 concentrates in and

irrediates his thyroid gland. These processes suggest > ways for estima-
ting thyroid exposure from 1131‘ They are listed in decreasing order of
validity in Table 1 and will be discussed separately.

Table 1
WAYS OF ESTIMATING THYROID EXPOSURE

Iigi in thyrcid gland

I in milk

Gamma activity in pastures

Beta activity in air

Fission yield and fallout trajectory

A 1! v miyRoD GLAWD

The most direct way to evaluate I
131

moOw

1Bl dose to the thyroid is to

measure its I oontept by r-rey counting. We measured Iu1 in 24 people
during the utah r""m of 1962, but unfortunately failed to include
o i ;& ’ {.3) Q,m 0-2 ynrﬁ 0ld are regarded as

sost '; ! glhtiou damage because of (s) t}n ssmll sise of

a ch : ‘jresumed greater sensitivity to irredfation and
Jitation 1ife spen during which delayed effects could
appear. A drewback to thyroid eomtﬁxg is that specislised equipment is
required and only a limited mumber of people can be evaluated,
p. Pl ovomnk
131
Fresh milk is by far the major source of fallout I for our



papulation. MMk is more readily sampled and analyzed than are humans.
Using the camvamtionsl (although perhaps inaccurate) assumptions for the
infant of 0% ful uptake in the thyroid, an effective retention Malf-time
of 7.6 days and a thyroid weight of 2 grems; an intake of 58,500 picocuries
of T} delivers a dose of 1.0 red to the thyroid. In the 1962 incident
the average intake for consumption of 1 liter of milk per day was 58,000
pc I from Pendleton's 39 milk farms scattered throughout Utan @:3). a
somewhat lower intake of 37,000 pc I (the corresponding infant thyroid
dose is 0.63 red) was obtained by the U. $. Public Mealth Service fer the
Selt Lake City milk pool *'3)*. unfortunately, I'’! wms not measured in
milk or people throughout Utah during Mevada testing prior to 1962. ﬂi'
seriously limits the accurecy of the rems ining methods for estimatiom 3

I‘ul eXPOsSuUrS .

S.__GNISR MCTIVIIX IX MAITRES

The arrival of fallout csuses am imcsense ia J-ray "Sackground®.
! 16 wut one component of this sctivity. Pertwmtely, veriations i

the I /tecal mxvmmuuhmumtmm;-m
unuﬁ‘ﬂﬂmg&“ubﬂd‘c“tmunm
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neuvuyﬂp to activatien of stable elsments by neutresn csgture (Yer
cangle, n"‘gr‘”) Using the increased r-activity en the grewnd &
mu-cltﬁma-tmhwzm',t‘”wum
end subbequently appesriig in milk can be estimsted. The amount of ean-
tamizated feed censumed Deeds to be mown unlese the correspondence betwess
rectivity on the ground and I activity in the milk can be ‘sstablished
faaomhrheid.tmm-—tflmnmctm‘. Camn wessure-
wents were made by others during the 1962 incident. Wen (1£7) thgne
Gats are relessed it should be possidle to sstimte the I} apeiis
previous incidemts by this msthod.
R__IRIA ACTIVIIX DN AIR

umsunwdmamunym_. 4
§ross beta censentretien 8 afr et Sait lake City in 1956. Br. Great 3.
Vim hes mde these complete TNere surtiadls e m. Gmally Air we
mm.mumh“hm hhm ‘
nmmwtmmmﬂmgm

mum-mm-hmn_ "
Additional air bets asasurensnts have doem made hﬁhht&u




Takble 2

AR TETA JORCTITTATL Mo T VTAY

L™
ALl sampleg were tu.en .o Salc Ly.a U.Tv L. tne Ltak rate Department of
Health except for ke -escs Fasy Coia | 0 Tielt Anpie (Sr. George)
27C Harry (8t. _Ge rze. .

AIR A TR A
VDA DA NAME SILUTON RY BURST oooomo pe. v HCURS R AV
o PLSION OF TEST FILLE TUASTAY AT A50AY AT 4 HRS SAMPLID WTD . 3aV.
N pc/m
“evd 32 EASY® 12 > 25,000% >
25 MAY 52 FOX* 11 - 1L2Cu 2
LT VAR S3 ANNIE v+ R &2 47,000 8673 0.5a
5.13 45,000 7693 5.08
3.67 5,000 1630  4.00
13 .75 4,000 2048 4.17
19.97 1,000 802 10.16 2,817
13 MAY 53 MHARRY v+ 32 3.76 4,170,006 45C,360 §.33  §
8.0% 2,380,000 642,600 3.25 2
11.67 630,000 264,600 .00 '
. 15.80 44,000 26,620 4.2%
21.75 14,300 12,432 7.17 239,564
28 MAY 57 BOLTZMANN 12 129.58 266 2,014
2 JUN 57  FRANKLIN 0.14 38.08 wus 676
18 TUN S7 WILSON 10 $8.37 675 1843
5 JUL $7  HOQD 74 28.08 - ugg 603
L5 JUL §7 17 . 32.%8 7,090 10,281 2.%0
33.17 3,000 4,410 2.%0
35.58 2,440 3,904 2.50
90.75 1,387 3,566 S.08
«82.%0 258 660 11.42 3,006
24 JUL 57 36 .00 644 1,050 7.91
, ; $5.59 73 200 16.09 %80
18 AUG S7 SHASTA 17 35.00 908 1,426 %.g%
35.7% 3,164 5,004 2.88
39.8% 2,260 4,158 &.00
$2.42 1,245 3,178 12.33 3,212

*Air concentrations from Ref. 6. Time from burst to assay not given.
**Air concentrations and times are to mid-sampling period; data from Ref 8.
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AR VIR
NEVADA NAME KILOTON HRS BLRST p- =° poom HOURS  AIR
EXPLOSION oF TESY YIELD  TC ASSAY Ao Az-ay AT 2

pc/m

<3 AUG 57 DOPPEER il 54.67 53¢ 1,485

30 AUG 57 FR. "RIME u.7 75.08 Ll 64¢

31 AUG 57 smokry 4y 74.83 251 N

< 3EP 57 GALILE 12 75.00 523 3,647

o SEP S WHECLER 0.2 27.48 iis 132

16 SEP 57 NEWTON . L2 26.9¢ 7500 8,525

¢3 SEP 57 WHIINEY L3 81.00 L3- 590

¢3 SEP S7 CHARLESTON 12 68.33 212 1,152

7 OCT S?7  MORGAN 8 57.58 878 4,511 6.33

78.25 213 388 17.867 1,316

22 OCT S8 SOLORRO 6 73.50 501 1.914

30 OCT S8 BLANCA 19 100.00 533 2,958

6 JUL 62 SEDAN 100+ 49.00 900 2,115+

7 JUL &2 L.FELLER II<20 S1.00 101 250

11 JUL 62 JoMNIE IO\"'!?O 52.08 16 41

14 JUL 62 SMALL BOY <20 $0.28 450 1089

17 JuL 62 S0.42 11 27

q‘fﬁ? of the fallout activity from Sedan was due to neutron activated
w (10} which is not a fission product. Less than 30 kilotons of
the Sedan yield was from fission(5).
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igencies, but thue far [ have d.sc.vered ~nl, cwo re{erences(ﬁ'a) giving
ome of these results. Further data are newded - ¢spec ally for the yeawrs
1331, 19592, 1957 and 12336.

To allow ror Jirferent times of arrival. [ have st usted oir concen-

Trations to a common relerence :une_of L day sfver Lot ration assuming a
(time)'l‘2 variation in activity. Unfortunately, reference (6) does not
jive the time from burst te 1ssay for the Ea<y (7 May 32) and Fox (25 May
>¢) shots. Results are listed in Table 2. Tunes of explosion and kiloton

yields are from The Effects of Muclear Weapons 1962(9).

In some cases a number of air samples were taken scrially during a 24
hour period. In such instances each adjusted air concentration was mlﬁ-
plied by the fraction of a day it was sampled. Then these results were <
added to obtzin the weighted average concentreation for the entire 24 hour
period.

If one assumes a2 proportiomality between beta activity in the air and
3! reaching man through the food chain it is possible to crudely estimate
thyroid exposures for those years for which air data are available. Results

are shown in Table 3.

]
1952 21,000
1953» - ? ?

- 1988 ? ?
1957 30,950 8.6
1958 ' 8,872 , 1.8
1962 3,522 1.0%ee

*St. George 240,000 68

**Tine after burst, not givcn(ﬂ, has been assumed by me (perhaps incorrect-
ly) to be 1 day.

***Calculated from measured I

— e e e e e v e e e -

131 in milk.
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It st be re:. .zed that zho .3lu. @ in Table 3 are subject to great
uncert:inties, the yreatast 5f wh.." s 2risably how well (or poorly) a
single Jir momitor stdatlan <an sa~ple : Tillout trajectory. Contamination
of unmenitoired Darts of the state were rndoubtedly both higher and lower
than indicated by "hese vstimates. It 1> .nknown how <losely the dairy
practice n St. Gecrge, Utah corresponds to that for the state as a whole.

In 1962 every case of high l““ in milk couid be traced to grezing on con-

131

taminated pasture or us:ing ccntaninated feed. Very little I appeared in

the miln I cattie exclusively eating feed which had been stored prior to
the contaminating event( »3)

Most of the air beta in 1962 was from the Sedan shot 273+%5) e
much of the Sedan activity was due to neutron-activated "187 (1.0). L
medsurements of milk collected between the Sedan and Small Boy shots indi-
cated that about 75% of the I from the July 1962 tests was from Small
Boy alone®’. Normalizing to the 1089 pc/m® and 0.75 rad from Small Boy
would increase the estimated doses for previous years in Table 3 by a
factor of 2.4. O(n the other hand, if the averege intake for the total
state is assumed to equal the USPHS value for the Salt Lake City milk pesl,

all estimated doses in Table 3 should be multiplied by 0.5.

Mh 1951, 1953 and 1955 Therefore, another sethod
Mﬂlt exposure for these years. I‘BI oposure wis

assumed proportional to the yields of muclear devices detonated detwesn 1
April and 31 October of each year. Vegetation eaten by milk cows does not
grow in the winter and thus is unlikely to be contaminated with l'lf’l from



e
winter shots. The same holds for a number of other fission products and
suggests an ;ccllent way to conduct nuclear tests with a minimm of ex-
posure to trle population.

In additicn to all of the limitatinns des:ribed in the last 2 parea-
graphs of the preceding section on air beta concentraticn, one must add
uncertainties in the direction of fallout and its rete of descent.
Meteorological trajectories (for constant altitude) are available for the
tests in 1953, 19577 ang 1962(5) | tut what we really need are the
upper-air fallout (U.F.) trejectories which predict the deposition of
fallout along the ground.

Thyroid dose estimates from fission yields are given in Table §.

Table 4
THYR ES F F 1SS ION

YEAR KILOTON YIELD . AV. DWANT
OF TESTS AR - 31 ocn) TH. DOSE (RAD)
1961 0.4

19%2 (1} 1.6

1953 — 282 6.3

1955 [ ] 2.0

1987 p1 8.6
1958 8?7 l.%

1962 ? 1.

These estimates could be recenputed imdspendently if the yields
of the five tasts of July. 1962 “;nluld. The sum of their {isgign®
ylelds is, she: Flese shan” 118 kttetons ®), bt how mch less
WAL 3¢ ta-worth (which may not be much), Table § pre-
ters fiasion yield during July 1962. There smy be
§p sélsons for withholding this inforwation.

* The 8.6 red dose for 1957 was estimated from the enlculated 1.0 vad dose
for 1962 and the air bata cemcentretions for 1962 & 1967 (see Table 3).

* Dunning states that about lm)knom of fission was relassed prior to
1959 at the Nevada test site'’’. The total g}um + fusion) yield for
Nevada tests prior to 1959 was 1036 kilotons . Thwus virtually all was
fission.
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COMPOSITE DCSE EST IMATES

-
Combining the results from air teta cuncentrations (Table 3) and

siuton yields (Takl: &) the following osc @STindtes are presented in

Table 5. Populat.uns estimated rrom L33 1 1960 .. 3. Census and Ref(”.
Table 3
SUMMARY OF DCSE ESTIMATES

YEAR UTAH INFANTS EST. AV. TH. LCSE (RAD)

OF TEST <NDER 2 YR IR BETA YIELD MEAN
L3510 0,000 K G.u4 0.4
1382 1,100 5.3 1.6 3.8
LT3 43,000 ? 6.3 6.3
L3353 5.700 ? 2.0 2.0
1557 47,3540 3.0 8.6 8.6
1253 “E .00 i.4 1.4 L.4
1902 33,900 1.0 ? 1.0
*St. George 709 68 - 68

Agreeme it between the 1957 dose estimates is a consequence of the way
he data was normalized and signifies nothing. The agreement between the
-358 estimates may reflect the fact that the air beta measurements in 1957

and 1958 were made at the s$ame place (Salt Lake Ciry) by the same agency
(Utah State Depar-tment of Health). However, the 1958 agreement may be
fortuitous. 2 larger difference is seen in the 1952 estimates when the air
samples were taken at Ogien and Price by a different agancy and the times
after detonag.on were not given(s).

t in the 1962 incident individual doses ranged

from e ,Q t. at least 1y t!mes the state avengecz »3) and

similar | :hl\!t ncbnbly occurred in previous years.

Despite the';li-ited accuracy of these estimates, S conclusions are
suggested:
() The exposure in 1962 was small compared to that during several pre-

ceding years.



L)

(b) The worst y®ars scem to be 13353 an2 1357

o) Many Utah chiiti - Rave received thyroid Jo<es of several reds.

(d) The St. Gedrge expasures were sizable.

(e) These lcse :srtinates need to be improved. In particular, field gamma
data shouid be releas:d; air beta concentrations shculd be made available
Tor 1951, 1653, 1353 and 1955; and If not contrary to the interests of
national security, Kilcren yiclds for the July 1962 tests are needed.
Perhaps a future "in ident" will provide the neecded calibration check!

PREDICTED TH/ICID CANCIRS

I realize that any attempt to predict an increase in cancer due to low
doses of radiation {s subject to great inaccuracy and criticism. This is
especially true when the dose estimates are 30 very approximate. There-
fore, it sheculd be understood that the following estimates were made pri-
marily to indicate whether or not an effort to search for increased
thyroid cancers would be justified.

Archer and 5impsan(*1) have tabulated 10 thyroid cancers in 2253
children x-irradiated as infants for "sn enlarged thymus" with an average
dose of 225 rads, and an aversge follow-up time of 1l4.5 years. At present

we have no tion en how many additional thyroid cancers will develop
) . senil

at later | ‘39.5 years. They have calculated that 0.05
I dencere should have been expected normally in this
m dur _‘ | V, ¥ y period. Assuming a linear relation between
dose and incidigci.; there should be 1 case per 50,000 red-children.

* To my satisfaction this relation has neither been proved or disproved
adaquately for thyroid cancer.
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There is s@me 2. .dence’ ctat Tnioroid rrsilaticn from I 5 oniy
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ERAES )

~ 1010 as effeqt o oas x-lrradiat_.n o onrodus ng thyreid cancer in
- . ¥ . 3
rats, but .t is unknzwn whether <nis reliticon also upplies tc the human

infant. T2 ~redi_ved numbers oI thyroic cancers in Utah children are

[N

tabulated ir or both a relative biolcgical effectiveness (R.B.E.;
~f 1l and a R.C.E. of 7.1. These values are compared with the number »f
"spontaneous ' cases expected bv age 15 years. Children are arranged by
age recognizing that some children were irradiated at age O-1 and again at

age 1-2. Irradiation received at age ¢ and older has been assumed arbit-

rarily {although pernaps incorrectly) to be without effect.

Table 6
PREDICTED THYROID CANCERS IN UTAH CHILDREN
AGE NUMBER OF EST. AV. TH. PRED. TH. CANCERS
IN 1963  CHILDREN DOSE _(RADS) RBE = 1 RBE = 0.1 "SPON."
13 20,000 0.4 ~0.16 0.02 —o.o44
12 20,000 4.2 1.68 0.17 0.uy
L1+ 21,000 10.1 4.24 0.4 0.47
LO* 21,000 6.3 2.64 0.26 0.47
9 22,000 2.0 0.88 0.09 0.49
8 22,000 2.0 0.88 0.09 0.49
7 23,000 8.6 3.96 0.40 0.51
6 24,900 10.0 4.80 0.48 0.53
5 24,000 1.4 0.67 0.07 0.53
4 25,000 0 0 0 0.5%
3 25,000 0 0 0 0.55
2 26,000 1.0 0.52 0.0S 0.58
1 2800 - 1.0 0.52 0.05 0.60
0 .0 0 0 0.60
‘48 0.95 0.10 0.02
gl
.4 - 21.90 2.20 5.57

I sumber of fallout-induced thyroid cancers is 22
(for an R.B.E. of 1) or 2 (for an R.B.E. of 0.1). These would be in add-
ition to the 6 "spontaneous" cases expected to develop in this 1/% million
children during their first 15 years. The large number of irrediated

children provides a rare opportunity to test the hypothesis that small



1= are large duses T SiyS @IUriNTLy TN
On “he other hand. if an R_C oFf €.1 is cli=er -2 the truth, then it
will be diff*-.l7 t¢ separate <he radiatizn- induced fancers from the "spon-

taneous”". One cannct nelp but wonder what Iraction <f the sc-ca.led "spon-
ranecus"” -ancers are in fact due to medical x-rays given befire or after
birth.

If a sufficientiy high threshcld exists for the induction of thyroid
cancer by :irradiation, chen there may be no cases caused by fallout.

The fact that many children were born when there was no testing with-

in 2 years of birth provides an internal control by which the noxiil

incidence of thyroid cancer in Utah can be established. Also, the
distributior of fallout suggests that slightly contaminated areas could
serve as controls for those heavily contaminated. Finally, the fact that
with other factors being equal, 1;31 dose is proportional to milk consump-
tion suggests that in theory the low milk drinkers could serve as controls
for the high milk drmkers Wr, from the praectical standpoint, the

work and uncertainty in estimeting imdividual milk consumptions in retro-

ing except for limited areas such as St. George

¥ion is the prediction that the musber of cases
jared to that foxj‘ﬂ'ust:tc as a whole. It is

only a few hundred cl‘ltﬂd!ﬂ received high exposures.
Crude as these dose estimates are, they indicete the advisebility of

indeed fortunate that

studies for possible delayed radiation effects in Utsh. To be fruitful
such studies should have long-term support and loock for other effects in

addition to thyroid cancer.
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